Aim: Hepatocellular carcinoma (HCC) is a common cancer worldwide, especially in Asia, with high mortality. Curative options are only available for early-stage HCC, which are usually asymptomatic and best diagnosed through surveillance. Risk factors associated with HCC include liver cirrhosis due to alcohol, chronic viral hepatitis infections and nonalcoholic steatohepatitis. We review the evidence supporting the benefits and drawbacks of HCC surveillance as well as new surveillance modalities.
INTRODUCTION
Hepatocellular carcinoma (HCC) accounts for 80% of all primary liver malignancies. Worldwide, it is the fifth most common cancer in males, ninth in females, and over half a million of new cases are diagnosed annually. Asia-Pacific region, East Asia and Sub-Saharan Africa accounts for 82% of all liver cancer cases in the world [1] . HCC is the second most common cause of cancer-related deaths in 2012, 1% of all deaths in the world can be attributed to HCC every year. The overall survival of HCC was 3%-5% [2] , and mortality to incidence ratio is 0.95
, suggesting its poor prognosis attributable to the late stage of diagnosis in most of these cases. An early-stage HCC, on the contrary, is amenable to several curative therapeutic options, and a fiveyear survival of 70%-75% can be achieved [4] . Liver cirrhosis may be due to several risk factors including alcohol but chronic hepatitis B or C infections are the most common risk factors of HCC contributing to 70%-90% of the cases, and nonalcoholic steatohepatitis (NASH) is rapidly gaining prominence [5, 6] . Several professional societies, including American Association for the Study of Liver Diseases (AASLD), European Association for the Study of the Liver (EASL), Japanese Society of Hepatology and Asian Pacific Association for the Study of the Liver, have recommended regular surveillance of HCC in at-risk populations [7] [8] [9] [10] . The goal is to identify HCC at an early stage when it is amenable to curative treatment, therefore reducing mortality. Increasing usage of surveillance to detect early HCC is associated with improvement in outcomes [6] . The strongest evidence for surveillance is seen in patients with chronic hepatitis B infection [11] . However, whether surveillance for HCC is truly effective and beneficial is still a topic of debate, owing to the concern of the quality and paucity of existing evidence. We conducted a systematic review of the literature to better understand the benefits and disadvantages of HCC surveillance, and the current surveillance modalities.
METHODS

Data sources and searches
A search on the MEDLINE database and Cochrane Database of Systematic Reviews was performed on 19 Jul 2018. Search phrases used were "hepatocellular carcinoma" OR "HCC" OR "Carcinoma, Hepatocellular" OR "liver cancer" OR "Liver Neoplasms" AND "surveillance" OR "screening" OR "Early Detection of Cancer". We filtered the literature published from January 1 2000 to July 2018 and each literature was manually screened and selected based on our inclusion and exclusion criteria.
Study selection
All primary studies on HCC surveillance published in English, comprising randomized controlled trials, cohort studies, case studies and systematic reviews were included. We defined the term "surveillance" as "repeated use of a test at regular interval over time to detect a previously undiagnosed lesion". The analysis was focused on the effect of surveillance on survival and/or mortality of HCC patients, with or without adjustment for bias. Particular attention was paid to any lead-time bias analysis for survival reporting. Modalities of HCC surveillance and stages of disease on diagnosis are also included. Exclusion criteria include studies published in foreign languages, studies on patients with recurrent or metastatic HCC, studies irrelevant to primary liver cancer, animal or in vitro studies, studies with no mortality/survival data directly comparing surveillance and non-surveillance group, or cohort studies with a sample size of less than 100 in either group.
Data synthesis and analysis
The data were qualitatively synthesized and summarized on the survival and mortality benefit of HCC surveillance.
RESULTS
The literature search yield 4,557 results in PubMed and 273 in Cochrane Library. We manually screened the literature from the title and study aims, and full-text articles of all eligible studies were reviewed. All the randomized controlled trials and cohort studies with more than 100 subjects in the surveillance and nonsurveillance groups were included for qualitative analysis [ Figure 1 ] [12] .
Randomised trials
To date, there were only two randomised trials, both done in China, directly comparing patients with surveillance to no surveillance. In both trials, the study population was exclusively patients with chronic hepatitis B infection (positive serum hepatitis B surface antigen). The first study by Chen et al in 2003 conducted surveillance with six-monthly serum alpha-fetoprotein (AFP), followed by ultrasound for patients with high AFP levels [12] . No difference in mortality was found in the two groups. Zhang et al. [11] subsequently conducted surveillance with AFP with US 6-monthly in two randomized groups of hepatitis B patients, and a significant mortality difference was found with a mortality rate ratio of 0.63 (95% CI: 0.41-0.98). These two trials were heavily criticized due to the poor compliance rate in surveillance group, as well as the limited information on study design and a high risk of bias [ Table 1 ].
Other randomized controlled trials (RCT) done in Europe and Taiwan addressed the impact of ultrasound surveillance intervals. Trinchet et al. [13] conducted a multicenter RCT comparing 3-monthly to 6-monthly ultrasound surveillance on HCC patients in France and Belgium. Study population was histology-proven cirrhosis and the main etiologies were alcohol and viral hepatitis. Three-monthly ultrasound detects more MEDLINE search (n = 4,557)
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Studies included in qualitative synthesis (n = 29) Figure 1 . Study selection flowsheet [64] small focal lesions, however no survival difference was observed between the 2 randomized groups. A community-based study in Taiwan compared 4-monthly to 12-monthly ultrasound surveillance for viral hepatitis B/C patients with platelet level more than 150,000/mL. More frequent surveillance detected smaller HCCs that were amenable for curative treatment modalities. However there was no significant difference in overall survival [14] [ Table 1 ].
Poustchi et al. [15] attempted to conduct a RCT on HCC surveillance for cirrhotic patients. After risk and benefits of surveillance were discussed, 99.5% of the patients declined randomization, demonstrating the dif- Trinchet et al . [13] , 2011 
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Retrospective ficulty of conducting RCTs on HCC surveillance among cirrhotic patients. Hence, Taylor et al. [16] used the Markov model to simulate a HCC surveillance program on cirrhotic patients, and to study the benefit and harm of surveillance. A small absolute mortality benefit was found in the HCC surveillance group, with a number needed to screen of 77. After a focal lesion was identified, further investigations were carried out based on EASL-EORTC (European Association for the Study of the Liver and the European Organization for Research and Treatment of Cancer) recall policy [17] . However, many more patients experienced additional unnecessary imaging or biopsy due to false positive results, with a number needed to harm of 7 only [ Table 1 ].
Cohort studies
There are a large number of cohort studies on the efficacy of HCC surveillance in our literature search over the past 20 years. We included twenty-four retrospective cohort studies that compared survival and/or mortality of surveillance-detected HCC to incidentally diagnosed HCC [ Table 2 ]. In general, the patients in the surveillance group have chronic viral hepatitis [hepatitis B virus (HBV) and hepatitis C virus (HCV)] infection or cirrhosis of any etiology [ Table 2 ].
Patients in the surveillance group had earlier stages of HCC at diagnosis: 22.8%-80.3% of surveillance group patients had Barcelona Clinic Liver Cancer staging (BCLC) stage 0/A disease. Not surprisingly, more patients in the surveillance compared to non-surveillance group underwent curative HCC treatment [surgical resecTrevisani et al . [25] , , 53% received liver transplant [19] , 49.1% received RFA [20] . The reported median survival in the surveillance group differs among the studies. Singal et al.
[21] reported 14.6 months median survival in patients whose HCC was detected from surveillance imaging [computed tomography (CT)/magnetic resonance imaging (MRI)/contrast-enhanced ultrasound/ultrasound (US)] within 6 months of HCC diagnosis; while Oeda et al. [20] reported 56.5 months of median survival (corrected with lead-time) in the Japanese population, where high-risk cirrhosis patients were screened every 3-4 months with US and serum biomarkers [AFP/AFP-L3/des-gamma-carboxyprothrombin (DCP)] based on Japanese society of Hepatology practice guidelines. Most of these cohort studies carry selection bias (specialist centre referrals), lead-time and length-time bias inherent to the study design. Several studies attempted to correct for the lead-time bias in survival time reporting, based on HCC doubling time (90-120 days) [21, [23] [24] [25] [26] . Overall, the data from cohort studies demonstrated that HCC surveillance was associated with early-stage tumor detection and curative treatments. Improved overall survival was evidenced in the surveillance group as well. Thus, the benefits of surveillance included early diagnosis, more treatment options, and prolonged survival compared to no surveillance [ Table 2 ].
Several prospective cohort studies were conducted to investigate the benefit of HCC surveillance in at-risk populations. Two studies examined surveillance in chronic hepatitis B patients. McMahon et al. [26] conducted a population-based prospective study for 16 years on Alaska natives with chronic hepatitis B patients. Surveillance modality was 6-monthly AFP. Surveillance detected more early resectable HCC and accorded significantly longer survival. A study in Thailand by Ungtrakul et al.
[27] recruited 2,293 chronic hepatitis B patients and surveillance was carried out with 6-monthly AFP and ultrasound. A high 3-year survival of 90% was observed as most patients were able to receive curative treatments. A Taiwanese group evaluated a community-based HCC surveillance program with abdominal ultrasound. Subjects were selected from a risk score. Mortality in the surveillance group was reduced compared to the control group and the general population [28] . Overall, evidence supports HCC surveillance in at-risk populations because it detects smaller tumors that are amenable to curative treatment [ Table 2 ].
Harm of surveillance
The study by Taylor et al. [16] simulated HCC surveillance in cirrhotic patients based on EASL-EORTC recall policy [ Table 1 ]. It showed more patients experienced unnecessary biopsy or imaging due to false positive screening results, and the calculated number needed to harm was only 7 compared to a small mortality benefit. Few cohort studies mentioned the harm of HCC surveillance. One retrospective cohort study by Atiq et al. [29] aimed to characterize the correlation of harm and benefits in cirrhosis patients undergoing HCC surveillance. Surveillance-related harm was defined as additional scans, biopsies, or procedures performed for false-positive or indeterminate results. Around one quarter (27.5%) of the patients experienced harm, and it was more often related to ultrasound than AFP. This was associated with hepatology subspecialty care, elevated ALT, and portal hypertension with thrombocytopenia. However, psychological harm and financial harm were not evaluated in this study.
Surveillance modalities
Cancer surveillance tools should be accurate and cost-effective, and able to detect tumor at a stage that cure is possible. HCC usually develops in populations with defined risk factors. Cirrhosis is the major risk factor of HCC development, with an annual incidence of 1.5%, which makes HCC a good target for surveillance [30, 31] . At present, ultrasound and serum AFP are widely accepted as the primary surveillance tools for HCC. Here we reviewed the current evidence of HCC surveillance tools.
Imaging
The recommended surveillance modality differs slightly in different parts of the world, but the majority recommends ultrasound imaging with or without serum AFP [32] . A shortcoming of ultrasound in HCC surveillance is its relatively low sensitivity and specificity [33] . A recent retrospective cohort study by Samoylova et al. [34] investigated the predictors for ultrasound failure of HCC detection. It was found that the sensitivity of ultrasound to detect HCC for subjects with BMI ≥ 30 was significantly lower (0.76) compared to those with BMI < 30 group (0.87). Patients with NASH had a ultrasound sensitivity of only 0.59 compared to 0.84 in other etiologies, suggesting 41% of HCC would be missed in this population. Thus we currently lack an ideal first-line imaging modality for surveillance of HCC in patients with NASH despite the latter becoming an increasingly prevalent liver disease worldwide.
A recent systemic review and meta-analysis studied the use of surveillance imaging, with or without AFP, for early detection of HCC in patients with cirrhosis. Thirty-two studies were reviewed and ultrasound was found to have a good sensitivity for detecting any stage HCC. However it performs poorly in detecting earlystage HCC with only 47% sensitivity. The combination of ultrasound with AFP increased the sensitivity (65%) but also lowered the specificity for HCC detection [33] . Pocha et al. [35] conducted a randomized trial comparing biannual ultrasound vs. annual CT in HCC surveillance of cirrhotic patients. CT has a comparable sensitivity (62.5%) to ultrasound-based surveillance. However, due to its high cost and repeated radiation exposure, no evidence so far supports the use of CT as surveillance modality. Studies comparing MRI and ultrasound showed that MRI has a significantly higher sensitivity than ultrasound (83.7% vs. 25.6%) for HCC detection in cirrhotic patients [36] . However, the high cost, limited availability of scanners and long scanning time make MRI not ideal as a surveillance tool.
Serum biomarkers
Serum biomarkers are cancer-related molecules or substances that are measurable in the peripheral blood, enabling early cancer detection. They are attractive tools in cancer surveillance and diagnosis as they are noninvasive with the convenience of repeated sample collections.
The most commonly used serum marker in HCC is AFP, which by itself has limited sensitivity and specificity, and serves as an adjunct to imaging in HCC diagnosis. AFP-L3 measures the AFP isoform that is reactive to lens culinaris agglutinin. It is widely used for HCC surveillance in Japan. A recent study on AFP-L3 by Kumada et al.
[37] involving 2,830 patients in a HCC surveillance program found that 34.3% of the patients had elevated AFP-L3 1 year prior to the diagnosis of HCC, suggesting that it can be an earlier predictor of HCC development. DCP, also known as prothrombin-induced by vitamin K absence-II, is an abnormal prothrombin formed in the presence of vitamin K antagonism. The performance of DCP varies among different studies [38, 39] . One study by Ji et al. [40] studied DCP vs. AFP in HBV-related HCC, and concluded that DCP is complementary to AFP in detecting AFP-negative HCC, and excluding HCC in cirrhotic patients with false positive AFP, suggesting its complementary role in HCC surveillance. Similar conclusion was drawn in HCV cohorts by the Italian group [41] .
Other biomarkers studied were GPC3 (plasma membrane bound protein), Golgi protein 73, interleukin-6, and squamous cell carcinoma antigen. These biomarkers have been studied for many years, but had inconsistent performance in different patient populations, precluding its wide use in HCC surveillance.
Liquid biopsy
Recent advances in genomics sequencing technologies allow identification and quantification of cancer genetic material in the circulating blood. This has enabled the discovery of novel biomarkers and increased our understanding of HCC cancer genomics.
Liquid biopsy refers to the sampling of bodily fluid instead of solid tissue for the genetic material of cancer. The most common sampling markers are cell-free DNA (cfDNA), circulating tumor DNA (ctDNA), circulating tumor cells (CTCs), and cell-free RNAs (e.g., miRNA), which are the byproducts of tumor cells. In contrast to solid tumor biopsy, liquid biopsy is less invasive and allows repeated sampling for dynamic evaluation of disease status and prediction of clinical outcomes. Solid tumour biopsy is infrequently done now as it is painful, carries risks of bleeding and iatrogenic tumor seeding. Liquid biopsy has been shown to have higher sensitivity in the early tumor detection and prognostication. The application of liquid biopsy in HCC is still under evaluation.
Liao et al. [42] conducted a meta-analysis to evaluate the use of cfDNA in HCC diagnosis. By quantitatively and qualitatively analysing the concentrations of circulating cfDNA, as well as single-gene methylation alterations, they found that the combination of AFP and cfDNA can attain an optimal sensitivity of 81% and specificity of 96% in the diagnosis of HCC in at-risk patients.
CTCs are mainly studied for its role in cancer recurrence, prognosis, and response to treatments. It has not been investigated in the context of HCC surveillance.
Data on the role of ctDNA in HCC are limited. Zhou et al. [43] studied the size profiles of plasma DNA in 90 HCC patients, and found aberrantly short DNA molecules in HCC patients as well as elevated amounts of mitochondrial DNA. Their presence raises the suspicion of early HCC during surveillance process. The detection of ctDNA can also predict metastasis in 86% of the HCC patients.
Several studies were done on quantification of circulating miRNA to facilitate the diagnosis of HCC in chronic hepatitis [44] [45] [46] and hepatitis C patients [47] . Li et al. [44] studied the serum miRNA levels of control, HBV and HBV-positive HCC patients. They found that miR-375 alone has a high diagnostic accuracy of HCC compared to control patients, and miRNA expression profiles can differentiate HBV patients from control, and HBV-positive HCC patients from HBV patients. The study suggested that serum miRNAs can be used as noninvasive biomarkers for the diagnosis of HBV infection and HBV-positive HCC. Hung et al. [45] demonstrated that serum circulating miRNAs, miR-122 and miR-let-7b, can differentiate dysplastic nodules from early HCC in chronic hepatitis B patients. A recently published paper by the Vietnamese group collected all the published data on miRNAs in HCC, and established a miRNA panel for HCC diagnosis. Three miRNAs, mir-21, 122, and 192, together with AFP can be combined to diagnose early HCC in hepatitis B patients [46] . In the current clinical setting, liquid biopsy has limited applications in HCC surveillance owing to the lack of standardized methodology and the high cost of genetic sequencing, which needs to be improved with more studies and standardization of assays. The high cost of genetic sequencing also precludes its use as a surveillance modality for HCC. However, liquid biopsy offers a noninvasive method of characterizing HCC tumor cells' genomic mutations and molecular pathways, hence offers opportunities for further studies on the therapeutic targets in HCC. It is promising as a non-invasive, accurate and convenient surveillance tool for HCC in the future.
DISCUSSION
This study reviewed the current status of the literature on the efficacy, benefit and harm of HCC surveillance, as well as new developments in surveillance modalities. The benefit of HCC surveillance was demonstrated in one RCT and supported by a significant number of cohort studies. Although significant bias may be present, it is not feasible to conduct further randomized trials due to ethical concerns [15] . Cohort studies demonstrated earlier tumor detection and longer survival in HCC patients diagnosed from surveillance. However, the proportion of patients diagnosed at early-stage and length of survival differs significantly in different cohorts, suggesting that the benefit is not homogeneous in all HCC patients. Different ethnic origin and HCC etiologies likely contributed to this heterogeneity. Patients with NASH and alcoholic liver disease are more common in the United States than Asian and European population, and has lower risk of developing HCC [48] . Non-alcoholic fatty liver disease (NAFLD) and NASH are emerging causes of liver cirrhosis and HCC. It has been reported that the yearly HCC incidence among NASH-cirrhotic patients was 2.6% [49] , and a significant number of patients with NAFLD-related HCC did not have cirrhosis [50, 51] . NASH-related HCC patients received significantly less HCC surveillance compared to HCV or alcohol-related HCC patients, and received less HCC-related treatment. However, the one-year survival rate was similar [51] . At present, AASLD and EASL guidelines do not recommend routine HCC surveillance for non-cirrhotic NASH patients. More studies are needed to develop a cost-effective surveillance program in this population.
Chronic hepatitis C infection had been a major risk factor for liver cirrhosis and HCC in the world. The incidence of HCC in patients with chronic hepatitis C infection was reported to be 1%-4%, higher in patients with cirrhosis [52] [53] [54] . Treatment with direct-acting antivirals (DAAs) has impressive efficacy in Hepatitis C eradication. However, its effect on the long-term clinical outcome was lacking [55] . Conti et al. [56] found that unfortunately HCC occurrence was not reduced in successfully treated cirrhotic patients. Recently, a systemic review and meta-analysis was performed by Singh et al. [57] on oral DAAs use and risk of HCC development. A total of 8 controlled studies and 36 uncontrolled studies were reviewed, and the estimated incidence of HCC was 3.3% and 1.5% (1 in 67 DAA users) in controlled and uncontrolled studies respectively, not significantly different from the previously reported incidence in chronic hepatitis C patients. Moreover, the HCC recurrence rate was as high as 16.7%-20.1% with DAAs treatment. Hence, continuing HCC surveillance is still important in patients treated with DAA for hepatitis C, even after achievement of sustained virological response.
Two earlier reviews on HCC surveillance were published in 2014. A meta-analysis done by Singal et al. [58] aimed to determine the effect of surveillance on cirrhotic patients. Studies published from 1990 to 2014 were reviewed and pooled odds ratio was calculated on 47 selected studies with a total of 15,158 HCC patients. Surveillance was associated with early-stage cancer detection (OR 2.08 CI 1.8-2.37), curative treatment rates (OR 2.24 CI 1.99-2.52), and prolonged survival (OR 1.9 CI 1.67-2.17), supporting HCC surveillance in cirrhotic patients. On the other hand, Kansagara et al. [59] did a systemic review to study the strength of evidence supporting HCC surveillance. A total of 22 studies were selected and the overall strength of evidence on the effect of screening was very low owing to limited randomized trials and significant confounders in cohort studies. Screening identified early-stage HCC. However, its effect on mortality and survival in chronic liver disease patients is not clear. The conflicted evidence may have contributed to the underutilization of HCC surveillance in some regions.
The harm of HCC surveillance is an important issue but there were few studies published. One retrospective cohort study demonstrated that one fourth of the patients who underwent HCC surveillance required additional tests due to false positive or indeterminate results. This calls for development of new surveillance modalities that minimize false positive results without compromising the diagnostic accuracy for HCC. Although imaging modalities such as contrast-enhanced CT and MRI have high sensitivity and specificity, they are not recommended for surveillance due to the high cost and limited availability. Other than AFP, serum biomarkers are not widely accepted as surveillance tools except in a few countries, such as Japan. More studies are needed to evaluate the clinical utility of novel serum biomarkers and their role in HCC surveillance. Liquid biopsy is the latest tool in cancer diagnosis and prognosis. Emerging evidence indicates that liquid biopsy can be used in HCC surveillance as it is noninvasive and provides a dynamic profile of disease progression.
In conclusion, studies have shown that current surveillance strategies can detect significantly more early stage HCCs: 61.3%-88% were within Milan criteria and 61%-91.7% were BCLC stage 0/A compared to 11.6%-44% and 21%-73.3% respectively for subjects who were not on HCC surveillance [14, [60] [61] [62] . Up to 73.8%-80% of the HCC patients in the surveillance group received curative management with a median survival as high as 4.7 years and a 3-year survival of up to 73% compared to only 45% of subjects not on surveillance being amenable to curative therapy with a median survival of only up to 2.6 years [20, 61, 63] . Hence, HCC surveillance in at-risk patients is beneficial and improves patient outcome.
Further research on hepatocarcinogenesis and novel surveillance tools will continue to help refine the surveillance guidelines. In particular, further understanding of the hepatocarcinogenesis pathway in nonalcoholic fatty liver disease-related HCC is needed to evolve a surveillance strategy for this huge group of patients. The aim is always to detect more curable HCC in patients with chronic liver disease and hence reduce HCC-related mortality in the near future.
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